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Abstract 
The study of treating high ammonia-N domestic wastewater is in the initial stage at home. The removal rate of 
nitrogen is still at a low level. In the experiment, the CASS process was used to treat high ammonia-N domestic 
wastewater. The influence of these factors on nitrogen removal, including sludge load, reflux ratio, aeration time, 
dissolved oxygen and aeration time, were studied and discussed. And then find the optimum conditions. 
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1. Introduction 
At present, with the improvement of people’s living standard, the water quality of domestic wastewater 
has undergone a tremendous change in our country. In the 90's, the water quality of domestic wastewater 
generally is COD<600mg/l, NH3-N<50 mg/l. Now, the concentration of NH3-N in domestic wastewater is 
on the increase, which discharged from mass residential quarters and institutions of higher learning 
approaches 100mg/l, and some parts are more than 100mg/l [1]. Given the biological treatment technology 
using in treating domestic wastewater in our country, as for the wastewater with NH3-N<50 mg/l, the 
capacity of NH3-N removal is strong, that is the efficiency of nitrogen removal is high, the latter NH3-
N<30 mg/l. while, as for the wastewater with NH3-N >100 mg/l, the removal capacity is limited, that is one 
of the main reasons that water eutrophication occurs in our country.  
CASS (Cyclic Activated Sludge System） process is a recirculation activated sludge process. Typical 
CASS reactor consists of bio-selector, anaerobic zone and aerobic zone, its process run with a cycle, which 
consist of influent- aeration, influent-sludge water separation, effluent and influent-idle, and determine the 
interval of the cycle and running times per day according to the property of wastewater[1]. 
The experiment researched the nitrogen removal of domestic wastewater with NH3-N >90 mg/l by 
CASS process. 
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2. Process and Apparatus of the Experiment 
Process and apparatus of the experiment are shown as Fig. 1 and Fig.  2. 
 
 
 
 
 
Figure1.  CASS process 
 
 
 
 
 
Figure2.  Structure of CASS process 
The experiment divided into aerobic zone and anoxic areas. TBS decanter is controlled by PLC 
(programmable controller). 
3. Experiment Conditions 
Experiment water is supernatant taken from a student hotel septic tank. Sanitary Sewage and kitchen 
sewage is the main part of domestic wastewater. In the wastewater, the concentration of NH3-N is 
90~120mg/L, which is 92 percentage of total nitrogen, the concentration of COD is 400~900 mg/L. 
Running time of experiment cycle is 4 hours, time distribution of each stage is: aeration is 120min, 
precipitation is 90min, effluent stage is 20min, idle stage is10min.  Even aeration way is used in the 
experiment, keep aeration as a certain level, and take dissolved oxygen in the end as the controller object, 
generally, keep dissolved oxygen in the end during 2.5~3.0mg/L. Change the volume when the process is 
running, the difference of the MLSS of the highest water level and lowest water level is big, the MLSS is 
in a changing stage in system, and the average MLSS is kept in range of 4000~4500mg/L. 
4. Results and Discussion 
4.1The effect of reflux ratio on nitrogen removal  
Adopt five reflux ratios: 50%, 100%, 150%, 200%, 250%, to do a comparison experiment. The curve 
of the effect of reflux ratio on nitrogen removal in the condition that HRT is 16 hour is as shown in Fig. 3.  
 
 
 
 
 
 
 
Figure3. Effect of different reflux ratio on high ammonia-N domestic wastewater treatment 
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Shown as Fig. 3, when the reflux ratio changes from 50% to 250% by increase rate of 50%, the 
removal rates of nitrogen increases firstly and reduces afterwards, and reach the maximum value as 
62.65% when the reflux ratio is 150%, and removal rates of COD keeps up to 97%, removal rates of NH3-
N is up to 88%. 
4.2 The effect of sludge organic loading on nitrogen removal  
Experiment conditions: HRT is 12h and 16h respectively, and the reflux ratio is 150%. The effect of 
sludge organic 
loading on removal rates of nitrogen, nitration rates, removal rates of COD is shown as Fig. 4. The 
effect of ammonia nitrogen loading on nitrogen removal is shown as Fig. 5. 
 
 
 
 
 
 
 
 
Figure4. The effect of sludge organic loading on high ammonia-N domestic wastewater treatment 
Shown as Fig. 4, sludge organic loading influences high ammonia-N domestic wastewater treatment in 
not only a single aspect in experiment. When the sludge organic loading is below 0.25kg COD/(kg 
MLSS·d), nitration rates is up to 96%, removal rates of COD is about 88%, and removal rates of nitrogen is 
in the range of 50~70%. When the sludge organic loading is in the range of 0.18~0.25 kg COD/(kg 
MLSS·d), removal rates of nitrogen reach the maximum value as 60~70%. When the sludge organic 
loading is up to 0.28kg COD/ (kg MLSS·d), removal rates of COD is below 80%, nitration rates is in the 
range of 50~80%, and removal rates of nitrogen is in the range of 39~60%. 
 
 
 
 
 
 
 
 
Figure5. The effect of NH3-N loading on nitrogen removal 
Shown as Fig. 5, the effect of NH3-N loading on nitration is bigger. When NH3-N loading is below 
0.045kg NH3-N/(kg MLSS·d), nitration rates reaches up to 96%, when NH3-N loading is up to 0.045kg 
NH3-N/(kg MLSS·d), nitration rates gets a obvious decrease, which just is 50~80%.   
4.3 The effect of aeration time and dissolved oxygen on nitrogen removal 
Control DO in the end by change the aeration quantity and aeration time, the specific experimental 
combination conditions is shown as Table 1. 
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Table 1Data of experimental conditions 
Mode 
Aeration 
quantity(m3/h） 
Aeration 
time(min） 
Precipitation 
time(min） 
1 0.8 120 90 
2 0.9 120 90 
3 0.8 150 60 
4 0.7 150 60 
5 0.6 150 60 
The experiment chooses 16h HRT, 150% reflux ratio. The DO curve of each corresponding mode 
during a cycle is shown as Fig. 6. 
 
 
 
 
 
 
 
 
 
Figure6. The DO curve of each corresponding mode during a cycle 
Shown as Fig. 6, when the aeration volume and aeration time changes, changes of DO in each mode 
during a cycle are different, and DO of each mode increases.  
Comparison of Removal rates of COD, removal rates of ammonia nitrogen and removal rates of 
nitrogen in five modes is shown as Fig. 7. 
 
 
 
 
 
 
 
 
 
 
Figure7. Comparison of experimental result of five modes 
It can be seen from Fig. 7, in five modes, the change of DO and aeration time influences removal rates 
of ammonia nitrogen mostly. The mode, which has high removal rates of ammonia nitrogen, also has high 
removal rates of nitrogen. For instance, in Mode 3, removal rates of nitrogen reaches 65.93%, while Mode 
5, which has the lowest nitrification rates, has the lowest removal rates of nitrogen as 49.16%; However, 
DO and aeration time has a little influence on removal rates of COD. Removal rates of COD can be up 
to90.32% in each mode. 
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Known from above, the control of DO has more influence on removal rates of nitrogen. The 
experiment shows that the suitable DO to nitrogen removal reflects in two aspects: during the aeration time, 
the minimum DO must reach a certain level, which is 1.40 mg/L according to experiment; in the end of 
aeration time, the maximum DO must reach a certain level, which is  2.5~3.5 mg/L reasonably according 
to experiment.  
The experiment shows that the influence of aeration time on nitrogen removal exits, on the premise of 
good nitrogen removal efficiency, if reduce aeration time, we must increase aeration volume. Even so, 
there is a difference between the nitrogen removal efficiency of Mode 3 and Mode 2. If aeration time is 
clock controlled, on the premise of suitable aeration volume, the aeration time should be extended possibly.  
4.4 Control of aeration time in CASS process 
It can be seen from the research of the effect of DO and aeration time on nitrogen removal, aeration 
time can be choose flexibly according to the need of wastewater treatment. At present, there are two ways 
to control aeration time in CASS process, clock control and real time control. Clock control sets aeration 
time as a fixed value, which uses modern monitoring instrument to control aeration time. One kind of clock 
control monitors wastewater by COD or BOD on line monitoring instrument, stop aerating once the water 
equality makes meet with the effluent demand, it is the ideal control way, but demand proficient 
monitoring instrument; another kind of clock control controls aeration time by ORP, DO, pH instrument, 
because there has some correlation between the concentration of COD, NH3-N , NO3-N in CASS reactor in 
aeration time and the value of ORP, DO, pH, which can guide the aeration time control efficiently. Real 
time control is the most commonly studied and used method recently, but as for the different water quality, 
change rules of parameter of aeration process are different, so we need take a specific analysis of real time 
control. 
The experiment studies the correlation between DO, NH3-N, NO3-N and COD, experiment data is from 
Mode 3 of experiment in 2.3. Experiment result is shown as below. 
1) Change relationship between NH3-N and DO during a cycle 
Change relationship between NH3-N and DO during a cycle is shown as Fig. 8. 
 
 
 
 
 
 
 
 
 
Figure8.  Change relationship between NH3-N and DO during a cycle 
As shown in Fig. 8, there is good correlative between NH3-N concentration and DO during aeration 
time. In first 15min, the concentration of NH3-N increases obviously, while DO decrease sharply, and then 
the concentration of NH3-N steps into a big drop stage, and DO increases slowly. At Minutes 100, the 
concentration of NH3-N drops down to zero nearly, while DO steps into a sharp up stage and lasts as far as 
the end of aeration, then DO reach 3.59mg/L. 
2) Change relationship between NO3-N and DO during a cycle 
Change relationship between NO3-N and DO during a cycle is shown as Fig. 9. 
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Figure9.  Change relationship between NO3-N and DO during a cycle 
As shown in Fig. 9, there is a certain correlation between NO3-N concentration and DO during aeration 
time. In first 20min, the concentration of NO3-N and DO both decrease sharply, and then both of them 
increase slowly. At Minutes 100, the concentration of NO3-N steps into steady stage and last as far as the 
end of aeration. 
The experiment results show that there is a correlation between DO and the concentration of NH3-N, 
NO3-N, so we can control the aeration time by using the correlation between DO and the concentration of 
NH3-N. 
5. Conclusions 
(1) When the reflux ratio increase from 50% to 250%, removal rates of nitrogen in system increase 
firstly and then decrease, and reach the maximum when the reflux ratio is 150%. 
(2) Keep sludge organic loading in the range of 0.18~0.25kgCOD/(kg MLSS· d), the denitrification 
efficiency is higher, removal rates of nitrogen can reach 60~70%. When the NH3-N loading below0.045kg 
NH3-N/(kg MLSS·d), nitrification is running thoroughly, and the nitrification rates is up to 96%. 
(3) DO play an important role in nitrification.  In order to get good nitrification effect, the minimum 
DO of the main reactor region should reach 1.40 mg/L, the DO at the end of aeration time should be kept 
in the range of 2.5~3.5 mg/L. 
(4) Real time control is prior to clock control, it is rational to control aeration time by using the 
correlation between DO and NH3-N in CASS process, this control way can realize computer control, save 
running cost possibly on the premise of effluent quality reaching the standard. 
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